Abstract Female BRCA1/BRCA2 mutation carriers are at substantially increased risk for developing breast and/or ovarian cancer, and are offered enhanced surveillance including screening from a young age and risk-reducing surgery (RRS)-mastectomy (RRM) and/or salpingooophorectomy (RRSO) 
Introduction
Women who carry germline mutations in the BRCA1 or BRCA2 genes are at a substantially high risk for developing breast and ovarian/fallopian tube cancer, estimated to be up to 7 and 25 times that of the average-risk population, respectively [1] . These high-risk mutation carriers are offered an intensified surveillance scheme aimed at early detection of breast cancer that includes clinical breast exam (CBE) by a physician or a trained health care professional and breast imaging (mammography and/or MRI, the latter in the young age group) starting mostly at 25-30 years of age and performed at 6-12 month intervals [2] . Due to the lack of efficient early detection scheme for ovarian/fallopian tube cancer, women are advised to undergo riskreducing salpingo-oophorectomy (RRSO) after completing childbearing at 35-40 years of age [3] , or as an interim procedure that still lacks proof of long-term effectiveness, bilateral salpingectomy [4] . RRSO reportedly also reduces the risk for developing breast cancer when performed before age 35-40 years of age [5] [6] [7] , though this notion has recently been challenged [8] . Use of chemoprevention measures such as selective estrogen receptor modulators (SERMs) or aromatase inhibitors (AIs) for breast cancer risk reduction in high-risk women who are pre-and postmenopausal, respectively [9] , and oral contraceptive use for ovarian cancer risk reduction [4] may also be considered. Currently the most effective method for active breast cancer risk reduction is risk-reducing mastectomy (RRM) [6, 10] . Indeed, risk-reducing surgery (RRS) has been shown to be associated with a substantial decrease in breast and ovarian cancer risks in BRCA mutation carriers [3, 11, 12] . To streamline and centralize care of women at increased breast ovarian cancer risk, high-risk clinics have been established in many countries since the early-mid 1990's [13] [14] [15] .
Although there are established guidelines for the above listed early detection schemes in women who have not undergone risk-reducing surgeries [e.g., National Comprehensive Cancer Network (NCCN) [http://www. nccn.org/professionals/physician_gls/f_guidelines.asp] and National Institute for health and care excellence (NICE) [https://www.nice.org.uk/], the recommendations and practices for BRCA mutation carriers after RRS are less well established and less harmonized, as it is not clear whether any surveillance regimen is necessary, effective, and cost beneficial. The aim of the current study was to define the various surveillance regimens and local practices offered in different high-risk clinics in Asia, Australia, Europe, and North America, and specifically focusing on post RRM and RRSO practices. 
Results
Overall, there were 22/64 respondents (34.3 %): 10 centers from European countries, 6 from the USA, 2 from Australia, and one each from Canada, Hong Kong, Korea, and Israel (Table 1) . The respondents from Germany, Austria, Belgium, Korea, the Netherlands, Poland, and Sweden represent the recommended national guidelines for high-risk clinics in those countries. The Cambridge group response is representative of the recommended guidelines in East Anglia and broadly in keeping with the NICE guidelines in the rest of the UK. The Spanish response represents the recommended practices in the Catalan Institute of Oncology network hospitals in Catalonia. The Canadian response reflects their Provincial guidelines. Naturally, it is beyond the scope of the current study to ensure that these guidelines and recommendations are being followed in practice in every high-risk clinic in these countries and regions. The respondents all are affiliated with high-risk clinics and have been actively involved in the follow-up of women at increased risk of developing breast/ovarian cancer since the late 1990s.
Surveillance schemes prior to risk-reducing surgery Breast cancer Table 1 displays the recommended surveillance schemes at the various centers and the guidelines that form the basis of these schemes. As is evident from the table, the NCCN guidelines play a major role in directing practices in highrisk clinics in the USA as well as in Spain and Hong Kong. Similarly, the NICE guidelines are used in the UK. The Dutch, Catalans, Austrian, Belgian, German, Polish, Danish, Swedish, and Australian respondents base their practices and protocols on published or established national and regional guidelines developed from published data. Physician-guided clinical breast exam (CBE) is almost unanimously part of the surveillance regime (except in Italy, Adelaide, and Cambridge) mainly starting as of 20-25 years (but as early as of 18 years in Austria and Hong Kong), and is performed once or twice a year. Magnetic resonance imaging (MRI) of the breasts is offered annually predominantly starting at 25 years of age, whereas in Cambridge (UK), Italy, and Australia this modality of breast imaging starts at age 30 years. In the Polish center and Sweden, MRI alternating with breast sonography is performed every 6 months. Breast MRI is offered starting at 18 years of age in Hong Kong (as part of a research protocol). Notably 11 of the 22 centers surveyed had no upper age limit of performing an MRI, whereas in 11 centers the upper age limit for breast MRI widely varied between 50 and 80 years, the latter mostly depending on the overall health status of the mutation carrier, her breast density, and/or life expectancy, and in Australia, MRI is not funded for women over 50 years of age. Use of mammography as a screening tool is also advocated. This modality is offered starting primarily from 30 years of age, but is offered starting at 25 years of age (Hong Kong, and in 2 US centers), 35 years (Korea, Spain, Austria, Israel), and 40 years (Belgium, Germany, Italy). Most centers (n = 15) had no upper age limit for mammography, while the upper age limit ranged from 69 to 80 years in the other centers. If both breast imaging modalities are used, this is being done in an alternating mode, so that every 6 months breast imaging is performed. Table 2 displays the recommended and practiced surveillance schemes for possible detection of ovarian/fallopian tube cancer. As is evident from the table, most centers advocate use of a combined approach that encompasses gynecological exam, transvaginal ultrasound (TVUS), and CA 125 serum level determination once or twice a year from age 18-30 years, until RRSO is implemented. Seven centers (from England, Germany, the Netherlands, Canada, Boston, and the two Australian centers) do not advocate any regular surveillance for detecting ovarian/fallopian tube cancer in asymptomatic BRCA1/BRCA2 mutation carriers, due to lack of any proven effective scheme to facilitate bona fide early detection of this cancer type in any clinically significant manner.
Ovarian cancer

Surveillance schemes after risk-reducing surgery Breast cancer
Following RRM most centers surveyed still propose breast exam either as a monthly self-exam (e.g., Sweden, UK, the Netherlands) or a semiannual or annual physician/health professional-guided CBE (e.g., Poland, Germany, Hong Kong, Belgium, three US centers, both Australian centers, and Catalonia). In Austria and Israel, post RRM surveillance scheme includes annual MRI and ultrasound (US) with no upper age limit. The use of annual breast MRI is advocated by the Catalan group until age 50 years if nipple preservation has been performed. In Germany, Korea, and Los Angeles a post-surgical MRI is performed to assess how much residual breast tissue is remaining, especially 
Ovarian cancer
In all but 5 centers there are no suggested and/or practiced recommendations for the detection of primary peritoneal carcinomatosis after RRSO, and women are no longer being examined by a gynecologist beyond the recommendations for the general, average-risk population. In Austria, Poland, and Israel the pre-and post-RRS surveillance schemes are identical, except that in Israel the TVUS and pelvic exam are performed once a year (rather than once every 6 months). In Belgium, mutation carriers are offered an annual pelvic exam, and in Los Angeles (CSMC), annual pelvic exams and CA 125 determinations are being offered, especially if the uterus has been left in situ.
Discussion
The current survey reveals that surveillance schemes for early detection of breast cancer in BRCA mutation carriers who have not undergone RRM, are primarily based on a combination of CBE and a breast imaging modality at predetermined intervals in all participating centers. However, there are wide variations in some of the parameters of the screening scheme: age at start of intensified screening, the upper age limit (if any), timing of incorporating mammograms, and the frequency of breast imaging use.
There is a growing body of evidence supporting the use of annual screening MRI in this high-risk population, and this is becoming a common practice in countries where the facilities are available and reimbursable by health insurers [16] [17] [18] . The value of MRI as a screening modality for breast cancer in high-risk women and specifically in BRCA mutation carriers, is hampered by the significant financial burden it imposes on the health care system, compared with mammography. However, breast MRI combined with mammography has been shown to be cost effective in BRCA1 and (to a lesser extent) in BRCA2 mutation carriers [19, 20] . Annual mammography is associated with cumulative ionizing radiation exposure, which, in BRCA1 and BRCA2 mutation carriers has been suggested to increase breast cancer risk [21] , though this possible risk has not been conclusively accepted [22] , or replicated [23] . The combined impact of the above-mentioned factors is reflected by the wide variability in the specific surveillance schemes offered in the various centers. All centers (except those in the UK, Italy, and the two Australian centers) offer annual breast MRI starting at 25 years of age, while in Hong Kong breast MRI is offered annually from age 18, as A single visit to provide detailed information on the lack of efficacy of gynecological surveillance, and the advice to consider RRSO as of 35-40 years for BRCA1, and of 40-45 years for BRCA2 mutation carriers part of a research protocol, though there is no evidence to support MRI prior to 25 years of age. In most centers (Table 1 ) between 30 and 50 years of age, MRI alternating with mammography is offered, so that every 6 months breast imaging modality is performed. In Germany, Belgium, and Italy, mammography is only incorporated into the scheme at 40 years of age. Another point of variability concerns the upper age limit of any type of breast imaging. MRI is performed up to 50 years of age in Italy, the UK, and Australia, while this is carried out until 60-65 years in the Netherlands and Canada, and up to older age or with no age limit in the other centers. Regarding mammography, the upper age limit is higher than that used for MRI, but still variable, and in some centers (e.g., UK, Belgium) the upper age limit is 69-80 years depending on the predicted life expectancy and the overall health status of the woman. The use of breast sonography as an additional modality for breast cancer screening tool is not recommended or practiced by most centers, while in some (e.g., Israel and MSKCC), it is being used during pregnancy and breast feeding at 3-month intervals, as the sole breast imaging modality. The disenchantment with breast ultrasonography is based on several large-scale studies that have shown the lack of utility of this modality as an effective screening tool specifically in high-risk populations [24] .
In 7/22 centers, screening for detection of ovarian/fallopian tube cancer is either not offered at all or alluded to but not recommended. In the other centers, the surveillance schemes from age 18-35 years consist of clinical gynecological exam combined with serum CA125 measurements and TVUS. One of the major challenges to developing an effective screening strategy for ovarian/fallopian tube cancer has been the requirement of a very high specificity. Unlike with breast cancer, where a biopsy can be performed for diagnosis, in ovarian cancer the malignant lesions may be totally missed by clinical exam and/or TVUS, and suspicious lesions require invasive surgery and removal of the ovaries to make a definitive diagnosis and determine staging. Therefore, any screening strategy for ovarian cancer must have an exceptionally low false-positive rate in order to achieve a low and acceptable number of unnecessary operations per screen-detected case. A recent study from the United Kingdom Collaborative Trial of Ovarian Cancer Screening (UKCTOCS) group reported that the sensitivity for early stage disease increased from a historical baseline of 20 % under standard care to almost 50 % using a 2-stage screening strategy involving serial CA 125 biomarker measurement [25] , and the mature results indicate that this translates into improved mortality from ovarian cancer under specific circumstances [26] . While the initial results from the UKTOCS trial are encouraging, this was a trial of average-risk women; the results from their sister trial in high-risk women [https://www.ucl.ac.uk/instituteforwomenshealth/womenscancer/gcrc/ukfocss] and the GOG 19-9 trial [27] , that focused on high-risk women are awaited with interest. The current lack of evidence in support of ovarian cancer screening in high-risk women, the rate of subsequent investigations required by women undertaking screening, and the fact that the outcome of screening trials in this high group is awaited, should be discussed with each mutation carrier.
Overwhelmingly most centers do not offer any specific surveillance schemes for BRCA mutation carriers who have undergone RRM and RRSO, primarily since the residual annual risk of breast and/or ovarian/peritoneal cancer is low after RRS, often at levels lower than the general population risk [3, 28] . Moreover, there are no validated data from prospective, long-term follow-up studies to support offering such schemes. The few centers that do offer breast cancer detection scheme limit these recommendations to CBE and when residual breast tissue is deemed ''significant'' or when nipple-sparing surgery is performed (e.g., Spain, Los Angeles) or regardless of that (e.g., Austria, Israel) annual MRI and breast sonography (Israel) are offered. Following RRSO routine, non-intensified gynecological care is advocated by most centers, similar to the routine gynecological care offered to average-risk population. There are a paucity of data on the use of serial CA-125 level measurements as a tool in high-risk women post RRSO, similar to what has been reported for average-risk women [25] . Currently there is no compelling reason to maintain active early detection surveillance schemes for breast and ovarian cancer for women post RRS.
There are several limitations to this study. First and foremost this is not a comprehensive evaluation of the practices in all participating countries. There was no attempt to verify the actual adherence of women to any of the suggested schemes as well as the success rate of the various strategies in detecting cancer at early stages. Furthermore, only 34 % of the addressed representatives responded to this survey. However, these included representatives of the major continents and countries involved in identifying and caring for high-risk women for many years, who apply local and national guidelines that are evidence based. Additionally, no scheme that pertains to specific conditions such as pregnancy and breast feeding was assessed, no distinction was attempted to discern between surveillance for nipple-sparing versus non-nipple conserving mastectomy, and the guidelines only apply to cancerfree women and may be altered if these women are breast or ovarian cancer survivors.
In conclusion, based on the results of this most comprehensive effort to date to capture the recommended surveillance schemes offered to asymptomatic BRCA carriers globally, there seems to be a broad agreement within the surveyed centers that a surveillance scheme for early detection of breast cancer from an early age (mostly 25-30 years) based on CBE and breast imaging by MRI and complemented with mammography at a somewhat older age, should be recommended. Yet, several distinct inter-center differences are apparent: the upper age limit of MRI and/or mammography, age of incorporating mammography into the surveillance scheme, and optimal surveillance frequency. After RRM, some centers continue to offer some form of breast imaging. In addition, while the overwhelming majority of participating centers agree that no active surveillance should be offered to BRCA mutation carriers after RRS, disagreement on the use of and recommendations for ovarian/fallopian tube cancer surveillance scheme prior to RRS is evident. Surveillance regimens regarding detection of ovarian/fallopian tube cancer, if performed, should therefore be done in the context of clinical studies. Clearly, additional research is warranted to obtain more data on the efficacy of the different surveillance schemes and the outcome after RRM and RRSO for cancer-free BRCA mutation carriers. These efforts should provide evidence on actual impact of the surveillance schemes on morbidity and mortality from cancer, without a negative impact on morbidity and mortality from the screening process itself. To that end, a multinational collaborative effort targeting BRCA mutation carriers in high-risk clinics globally is warranted.
